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Calibration procedures for eddy current inspections often involve 
the use of artifact standards containing manufactured flaws. The 
manufactured flaw is assumed to be a good approximation of the type of 
flaw being sought during the inspection. These manufactured flaws are 
most often produced by electrical dis charge machining (EDM) , milling, or 
the controlled growth of fatigue cracks. With simple amplitude display 
inspection equipment this type of artifact is usually sufficient, but as 
more sophisticated inspection equipment is developed some drawbacks to 
the commonly accepted practice are becoming evident. Instruments that 
are sensitive to eddy current signal phase as well as amplitude can show 
considerable differences in phase between a relatively wide EDM notch or 
milled slot and areal fatigue crack [1]. The use of controlled growth 
fatigue cracks can also cause problems when forces at the crack's tip 
drive the crack faces together, making electrical contact [2]. In 
addition, estimates of crack depth will always be estimates until the 
crack is broken apart. We describe here a technique for consistently 
producing well characterized discontinuities in aluminum which are not 
subject to these problems. 
SAMPLES AND FABRICATION 
The samples in this study were made from two different aluminum 
alloys. The feasibility of the method was evaluated using 6061 
aluminum. When the technique appeared to show promise we switched to 
the 7075 alloy because it is more commonly used in aerospace 
applications and has a more consistent grain structure. 
The discontinuities are produced with an indenting tool made from 
stainless steel shim stock which is secured in a brass holder. The end 
of the tool can be formed to a variety of shapes, such as circular arcs, 
semi-circles or semi-ellipses, and is pressed into an annealed block of 
aluminum. After indenting, the block is annealed once aga in to remove 
the effects of cold work around the notch. It is compressed in the 
direction transverse to the notch length to close the notch opening and, 
after another annealing, the block is heat treated to return the 
material to its o~iginal temper. Any needed surface refinishing is then 
performed. Material condition throughout the process is tracked using a 
combination of hardness testing and eddy current measurements (Table I). 
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Table I. Rockwell B Scale Measurements and Eddy Current Impedance 
for Three 7075 Aluminum Blocks. 
As Received After Process 
Hardness Mag. (.0) Phase (0) Hardness Mag. (.0) Phase (0) 
(RB) (RB) 
87.7 50.76 78 . 25 90.0 5l.69 78.81 
88.7 50.76 78.25 89.0 5l. 52 78.88 
88.2 50.78 78.24 89.1 5l. 58 78 . 87 
The differences seen in Table I between the impedance in the 
as-received condition and the after-process condition could have several 
possible causes. According to the data published by the Aluminum 
Association [3), several viable cycles can be used for both the solution 
heat treating and the \precipitation treatment to re ach the T6 temper . 
Furthermore, our starting material was actually a T65l temper, which is 
stress relieved by stre.tching in the mill, a process we are unable to 
duplicate in the lab. 
The first notches in the 606l-T65l starting material were made with 
an indenting tool made from 200 ~ (8 mil) shim stock. The notch 
produced required a large compressive deformation to close. Four of 
these samples were attempted and three were sucessfully fabricated. 
Further work on the 7075 samples showed that a 200 ~ indenting tool was 
the minimum thickness that could be used, and a reduction in the amount 
of deformation necessary to close the notch was unlikely. This large 
compression causes the sample block to buckle. We found that a critical 
technique to reduce the buckling is to machine the faces on which the 
compressive load is applied so they are parallel within 0.013 mm . In 
addition, maintaining close tolerances on the areas of these faces among 
different blocks helps establish uniformity of closure at a particular 
load. Figure 1 shows a top view and cross-sectional view photographs 
of two blocks after compression. 
NOTCH MEASUREMENTS 
All compressed notches and EDM notches for this study were made 
with circular tools of radius 3.25 mm . The lengths of fabricated 
notches are approximately 3 mm and the depths approximately 1 mm (within 
10%) . 
The change in the impedance (62) of an eddy current probe was used 
as the defect signal. To take these data, the impedance of the probe on 
the flaw is recorded, then the off-flaw impedance is recorded. These 
two impedance vectors are subtracted to calculate the flaw 62. The 
impedances were measured using a uniform field probe operating at 2 MHz 
and with an unshielded, single coil, ferrite core probe operating at 100 
kHz. With the ferrite core probe, a liftoff impedance is measured by 
slipping a 0.05 mm shim under the probe, which. is on the block but off 
the flaw. The liftoff 62 is calculated by subtracting the off-flaw 
impedance from this point. Figure 2 is an impedance plane plot of a 
typical data set showing the measured impedances and calculated vectors 
taken with the ferrite core probe . The uniform field probe data are 
similar but without the liftoff vector. 
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Fig. 1. 
RESULTS 
(a) (b) 
Micrographs of compressed notches. (a) 7075-T6 aluminum, 
top view; (b) 6061 aluminum, cross-sectional view. 
The 6061 samples were not solution treated after processing and 
thus did not return to their original temper, nor did we use hardness 
testing with these samples. However, the phase of the eddy current 
probe impedance data taken on these first samples did show a monotonie 
change with decreasing notch opening (Table 11). 
Figure 2 shows that as the phase of ~ decreases, the separation 
angle between the flaw vector and the liftoff vector becomes larger. If 
the phase of ~ for an EDM notch is compared to that of a fatigue 
crack, we expect that the fatigue crack will have a much larger angle 
with respect to liftoff than the EDM noteh. This can be seen in Auld's 
formulation for ~ [2,4] in Eq. 1 for the case of the spatially uniform 
magnetic field, 
L+ (l + i)-L ' +i--L ' [ C CßU ] Ö ö2 (l) 
Here, ~ is the flaw width, c is the flaw half-length, a is the flaw 
depth, Land L' are numerically determined shape factors [2], and alB » 
1. The data presented in Table 111 show how the phase of ~ for the 
uniform field probe increases with larger notch openings (~). Data 
from the ferrite core probe (Table IV) show a similar trend. The data 
shown in Tables 111 and IV are average values of at least four scans. 
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Fig. 2. 
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RESISTIVE COMPON ENT 
Typica1 data for 0.080 mm compressed notch in 7075-T6 
a1uminum using ferrite core probe. 
Table !I. Ferrite Core Probe ~ Magnitude and Phase for Different 
Notch Openings in 6061 A1uminum SampIes. 
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Width (mm) 
0.02 
0.05 
0.08 
Tab1e !II. 
f:,Z (Mag. .0) f:,Z Phase (0) 
0.47 73.89 
0.47 76.55 
0.48 77.99 
Uniform Fie1d Probe ~ Magnitude and Phase on 7075-T6 
A1uminum SampIes. 
Compressed Notches 
Width (mm) f:,Z Mag. (.0) f:,Z Phase (0) 
0.025 0.636 49.14 
0.080 1.274 67.94 
EDM Notches 
0.165 0.946 69.47 
0.203 1.148 71.14 
Table IV. ~ and Separation Angle between Liftoff and Flaw Vectors 
on 7075-T6 Aluminum Samples with Ferrite Core Probe. 
Compressed Notches 
Width (mm) 6Z (Mag. (.0) L PH (0) Separation Angle 
0.025 0.461 L 81.13 25.92 
0.050 0.470 L 85.87 20.26 
0.080 0.467 L 86.96 19.14 
EDM Notches 
0.155 0.387 L 91.64 15.40 
0.165 0.358 L 92 .25 14.53 
0.206 0.443 L 92.18 14.57 
CONCLUSIONS 
Compressing notches in aluminum is a technique for making artifact 
standards for eddy current probe characterization measurements. This 
technique appears to solve some of the difficulties encountered when 
using conventional methods such as EDM notches or the controlled growth 
of fatigue cracks. The angle between the liftoff vector and the flaw 
vector is greater for compressed notches than for EDM notches. 
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